Introduction 51
Inorganic phosphate (Pi) is an essential constituent of ATP, nucleic acids and membrane 52 phospholipids. In addition, it is crucial to various cellular metabolic pathways, including 53 photosynthesis, glycolysis, respiration, signal transduction and carbohydrate metabolism 54 growth was observed in the hy5-215 mutant between Pi-sufficient and Pi-deficient conditions 136 (Fig. 1A, B) . WT fresh weight declined to 37% under Pi deficient-conditions compared to 137
Pi-sufficient conditions while hy5-215 fresh weight declined to 65% under Pi 138 deficient-conditions compared to Pi-sufficient conditions ( Fig. 1C and Supplementary Fig.  139 S1). We also confirmed the tolerance of hy5-215 to Pi deficiency by examination of several 140 well-known PSRs including expression of ribonuclease, purple acid phosphatase and 141 anthocyanin biosynthesis genes (Supplementary Note 1 and Supplementary Fig. S2-4) . 142
143
Alteration of root architecture in hy5-215 is not responsible to Pi-deficiency tolerance 144
Plant root architecture, the spatial arrangement of a root system, is highly plastic in 145 response to depletion of mineral nutrients. Modifications of RA through altering the number, 146 length, angle and diameter of roots or root hairs enable plants to cope with nutrient shortages 147 (Gruber et al. 2013 ). The "topsoil foraging" strategy is employed to get immobile Pi from the7 available for Pi uptake (Péret et al. 2011, Sato and Miura 2011, Niu 2013). In this study, a 151 great number of root hairs were initiated in the WT under Pi-deficient conditions, whereas 152 hy5-215 formed fewer and shorter root hairs ( Fig. 2A) , suggesting that hy5-215 may not show 153 as strong of a response to Pi deficiency as WT. However, LR numbers and lengths were not 154 enhanced by low-Pi treatment in both WT and hy5-215. Instead, LR growth was repressed by 155 our Pi deficiency condition (Fig. 2B-D Although LR growth was not enhanced by Pi starvation in this study, a root system 163 possessing more and longer LRs was found in hy5-215 in both Pi-sufficient and Pi-deficient 164 conditions ( Fig. 2B-D) . To examine whether the increased LR number and lengths contribute 165 to the Pi-deficiency tolerance in hy5-215, a double mutant constructed with hy5-215 and 166
solitary-root-1 (slr-1), a gain-of-function mutant of IAA14 (a repressor of auxin signaling) 167 that produces no LRs, was examined under Pi deficiency (Fukaki et al. 2002; Kobayashi et al. 168 2012). The hy5-215 slr-1 double mutant showed a long-hypocotyl phenotype similar to that of 169 hy5-215 and a PR lacking LR growth similar to the slr-1 phenotype (Fig. 2E) . Interestingly, 170 the PR elongation of hy5-215 slr-1 seedlings was only slightly inhibited by Pi deficiency, 171 although the PR of hy5-215 slr-1 was shorter than that of hy5-215 in the respective conditions. 172
The results revealed that LR growth is beneficial for growth on Pi-deficient medium, but the 173 change in hy5-215 root architecture does not appear to be responsible for the observed Table S1 ). To demonstrate whether the higher PHT1 gene 194 expression in hy5-215 roots can increase Pi uptake and subsequently contributes to 195
Pi-deficiency tolerance, the free Pi content were measured. A great reduction of Pi level was 196 found in hy5-215 shoots under Pi sufficient condition, although Pi content was slightly higher 197 in hy5-215 shoots than in WT shoots under Pi deficiency (Fig. 3A) . There was no significant 198 difference between WT and hy5-215 in roots (Fig. 3B) To determine the Pi-deficiency tolerance mechanism of hy5-215, we performed a 234 transcriptome study using microarray. Consistent with previous reports, the well-known PSI 235 genes were up-regulated in the WT under Pi deficiency. However, the expression levels of 236 most PSI genes were significantly lower in hy5-215, including genes encoding high-affinity Pi 237 transporters, ribonucleases, acid phosphatases, lipid remodeling and anthocyanin synthesis 238 enzymes (Supplementary Table S1 to their results, the longer root phenotype of hy5 to phosphate starvation may result from the 247 increased PSRs and Pi content. Although the root phenotypes of hy5 are similar to our results, 248 the expression of PHR1 and PSI genes, and Pi and anthocyanin content were lower in the 249 hy5-215 mutant in our study (Fig. 3, Supplementary Fig. S2 , S3, Table S1), which are and Pi-free conditions (Fig. 3C) . Further information is required to address whether these 255 inconsistencies result from different growth conditions and different plant tissues. 256
Unexpectedly, a significant number of photosynthesis-related and chlorophyll synthesis 257 genes were down-regulated in roots but not shoots of hy5-215 ( Supplementary Fig. S7 and 258 Table S3 Supplementary Fig. S8B ), suggesting that tolerance of 12 To confirm this finding, the photosynthetic ability of hy5-215 and WT plants was 276 measured and compared, although photosynthetic gene expression in shoots was not 277 significantly different between hy5-215 and WT under Pi-sufficient or Pi-deficient conditions. 278
As shown in Supplementary Fig. S9 were 28% and 46% of PR lengths under Pi-sufficient conditions, respectively (Fig. 4A) . 295
Under continuous dark, there were no significant differences in PR growth between WT and 296 hy5-215 (Fig. 4B) . These results, together with the results from long-day treatments (16 h 297 light/8 h dark; Fig. 1B (Fig. 5A) . Interestingly, PR growth was not inhibited by Pi deficiency in both WT 305 and hy5-215 when grown under continuous R and FR irradiation (Fig. 5B-D and 306 Supplementary Fig. S10 ). These results indicate that the tolerance of hy5-215 to Pi deficiency 307 is negatively regulated by B light and is not related to R and FR light. To further confirm this 308 finding, the B light receptor mutants, cry1 cry2 and phot1 phot2, were examined under Pi 309 deficiency. Indeed, a tolerant phenotype to Pi deficiency was found in these two mutants ( 
Materials and Methods 326

Plant materials and growth conditions 327
The surface-sterilized seeds of Arabidopsis thaliana wild type [ecotypes Columbia 328 (Col-0)] and mutants (hy5-215, slr-1, hy5-215 slr-1, glk1, glk2, glk1 glk2, cry1 cry2, 
Quantification of anthocyanin content 340
The shoots of 10-day-old seedlings were frozen in liquid nitrogen, ground into a powder, 341 and then re-suspended in an extraction buffer containing 45% methanol and 5% acetic acid. 342
The supernatant was taken after centrifugation at 12,000 rpm for 10 minutes. Anthocyanin 
Statistical analysis 376
All the experiments were performed in a completely randomized design. Data on root 377 length (cm) and seedling fresh weight (mg) were recorded after growth for 10 and 14 days, 378 respectively. Analysis of variance (ANOVA) and mean comparisons using least significant 379 difference (LSD) tests were conducted. Data represent means of three or four independent 380 experiments. Different letters above bars indicate statistically significant differences (P 381
<0.05). 382 383
Accession numbers 384
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